Introduction
The SLD experiment, 1 located at the interaction point of the Stanford Linear Collider (SLC), finished taking data at the Z 0 resonance in June of 1998. The total data sample taken in the years 1993 to 1998 consists of 550,000 Z decays. In this paper I will describe a number of analyses that have been performed using the SLD Data. These analyses cover topics in the fields of Electroweak, QCD and Heavy Flavor physics.
Many of them benefit from the unique beam conditions available at the SLC.
The Stanford Linear Collider (SLC)
The SLC, the world's first linear collider, produced Z 0 bosons by colliding electron and positron beams accelerated in the SLAC Linac. It ran between and 1989 and 1998 and by 1998, SLC's luminosity had improved to the point that it was producing 20,000 Z's per week of running. Table 1 Table 2 . Born Level couplings of the fermions to the Z.
Electroweak Asymmetries
The Table 2 lists I 3 L f , Q f , g L f , g R f and A f for each of the fermions. Expressed in terms of A f , the differential cross-section for production of fermion pairs at the Z 0 is given by d d cos f (1 + P e A e ) ( 1 + c o s 2 f ) + 2 cos f (A e ; P e )A f (4) where f is the dip angle of the final state fermion (not anti-fermion) and P e is the longitudinal polarization of the incoming electron beam. From the first term, it is evident that there is a "production asymmetry" in the rate of Z 0 production for right-(P e > 0) and left-handed (P e < 0) electrons. Clearly, it is necessary to have control of P e in order to measure this asymmetry. Also, note that this production asymmetry is independent of final state. Therefore, it is not necessary to measure the type or charge of the final state fermions.
The second term in equation 4, since it is odd in cos , describes a forward-backward "decay asymmetry". To measure this asymmetry it is necessary to identify the type of fermions in the final state, as well as their charge. The asymmetry is present even if (P e = 0 ), although it is enhanced if P e 6 = 0 .
Experimentally, we define three observables that are sensitive to to A f : jP e jA f
where is the rate for Z 0 ! hadrons, f is the rate for Z 0 ! f f, "F" and "B" refer to forward (cos f > 0) and backward (cos f < 0) and "L" and "R" refer to left-and right-handed electron beams.
Equation 5 describes the unpolarized forward-backward asymmetry that can be measured even without electron polarization (e.g. at LEP). Equation 6 describes the production asymmetry that requires control of the electron polarization and is the most sensitive way to measure A e at SLD. Equation 7 describes a polarization-enhanced forward-backward asymmetry that can be used to measure A f for fermions other than electrons. The polarized asymmetries are useful both because they allow A e and A f to be measured independently and also because they give a large statistical enhancement of ( Pe Ae ) 2 25, which more than makes up for the factor 10 statistical advantage that LEP experiments have.
The SLD Detector
The SLD detector is a 4 multi-purpose detector that has many features in common with other e + e ; detectors. the polarization of the electron beam. Since this polarimeter and the Vertex Detector are unique devices, they will be described in more detail in the following sections.
Vertex Detector
Since the SLC provides a very small and stable primary interaction point ( r measured = 4 m), it is desirable to have a vertex detector with similar resolution. This is provided by the upgraded vertex detector VXD3, which was installed in 1996. It is based on CCD technology and contains 307 million pixels. The achieved resolutions of this device are r = 7:8 m in the r ; plane and rz = 9:8 m in the r ; z plane.
Topological vertexing and inclusive reconstruction algorithms exploit this excellent resolution.
Polarization Measurement
In order to exploit the electron beam polarization provided by the SLC, it is necessary to measure the average polarization, hP e i. This is done primarily with a Compton Polarimeter, shown in Figure 2 . The counter collides the electron beam with a circularly polarized laser beam and measures the scattered electrons. Then, by measuring the Compton asymmetry, it is possible to extract the electron polarization. The counter can run during collisions so that P e can be constantly monitored. There are also two other counters, called the Quartz Fiber Calorimeter and Polarized Gamma Counter, which can only run during single beam running. These counters, however, provide a useful cross-check of the polarization measurement.
In '98 a separate test was performed to measure the polarization of the positron beam, which is not measured during colliding beam running and is normally assumed to be zero. The test found P e + = ;0:02 0:07%, which is so small as to be negligible in the electroweak measurements.
Electroweak Measurements

Measurement of A LR
The measurement of A LR is an extraordinarily simple and elegant one. All that it requires of from the SLD detector is a measurement of the number of Z ! hadrons for left-and right-handed electrons. This leads to a cancellation of many possible systematic effects and hence a very small systematic error.
Experimental Corrections
The first step in the measurement of A LR is the measurement of the raw asymmetry A m , defined as:
where N L is the number of hadronic events produced with a left-handed electron beam N R is the number produced with a right-handed beam.
To obtain the measurement of A LR it is necessary to divide the raw asymmetry by the luminosity-averaged polarization of the electron beam (hP e i). This is defined as
where P i is the beam polarization at the time of production of the ith Z 0 and is a factor that corrects for the difference in polarization between the Compton interaction point and the Z 0 production interaction point. is found to be quite small ( = 0:0012 0:0015).
We can then calculate the value of A LR at the beam energy as
Since the SLC does not run exactly on the Z 0 pole, it is necessary to extrapolate to that energy and to correct for Electroweak interference. These two corrections are treated together and parameterized by a single correction factor, :
where A 0 LR is the inferred asymmetry at the Z 0 pole.
Systematic Errors
The systematic errors of the A LR measurement come from uncertainties in the correction factors described in the previous section. 
Measurement of R b
Measurements of R b and R c (R q ;(Z!q q) ;(Z!hadrons) ) are also be performed at SLD.
Radiative Corrections to R b
Measurements of R b are especially interesting because of its sensitivity to vertex corrections such as the one shown in 
Other new physics may change the value of R b by similar amounts and so precision measurements of R b become very interesting. 
Inclusive b and c Reconstruction
The first step in measuring R b and R c is developing a highly pure and efficient method of tagging event hemispheres that contain b; or c;quarks. At SLD, this is done using an inclusive reconstruction technique. Figure 5 illustrates this technique. After splitting the event into hemispheres, the technique selects tracks that are considered to have come the b; or c; meson. This is done by topologically identifying a "seed" vertex (as shown in Figure 5 (a)) in each hemisphere. 4 Due to the finite charm lifetime, not all of the tracks coming from the b;decay are expected to come from a single point.
Therefore, a "track attachment" algorithm is needed to attach tracks to this seed vertex.
A neural net based on the variables T,L and D as defined in Figure 5 Then, the mass (M raw ) of this set of 'B-tracks" is calculated under the assumption that each track is a pion. To correct for the effect of missing tracks and neutrals, a "P t corrected mass" is calculated as:
raw + P 2 t + jP t j (13) where P t is the momentum of the b-tracks transverse to the flight direction. This flight At a cut position of 0.75, the efficiency is improved to 63% while maintaining purity of 98%.
Double Tag Method
In order to measure R b , it is necessary to know the efficiency of the single of knowledge of the b production spectrum (fragmentation function), b decay modeling and detector modeling.
In the limit that the mistagging of charm ( c!b ) and light quarks ( uds!b ) are both zero, and that there are no hemisphere correlations, we can write the the efficiency of the b-tag as
where N double is the number of events with two tagged hemispheres and N hemi is the number of tagged hemispheres. Knowing b!b , the calculation of R b is straightforward.
In the actual measurement, the Monte Carlo is used to make corrections for mistagging and for hemisphere correlations. 
R b Result
R c Measurement
The measurement of R c is quite similar to R b . As shown in Figure 6 (b), the same Neural Net that is used for b-tagging can also be used for charm tagging. This tag has an efficiency for correctly tagging charm quark jets of c!c = 17:4%, and a purity of c!c = 84:5% at the nominal cut position. Figure 9 shows the efficiency and purity as a function of cut position. Also, a double tag technique is used to minimize the systematic errors. 
A b with Lepton Tag
This analysis begins by identifying hemispheres with with b or b quarks using the Neural Net Mass Tag described in section 5.2.2. Then, it uses identified muons and electrons among the vertex tracks to tag the quark charge via the decay b ! l. The largest background to this process is the cascade decay b ! c ! l, which produces oppositely charged leptons and thus incorrect tags. These cascade decays can be distinguished from the direct ones by examining their total momentum (p), their momentum transverse to the the jet direction (p t ) and by using vertexing information. The vertexing information is incorporated by noting that leptons coming from direct b ! l decays should tend to come from closer to the primary vertex, whereas those coming from cascade decays should come from farther away. In terms of the variables defined in Figure   5 (a), this means that direct decays should have L=D < 1 and cascade decays should have L=D > 1. Figure 10 shows the Monte Carlo distributions of L=D for direct and cascade decays. Clearly, there is good separation in this variable.
A Neural Net is used to combine the three types of information used in the tagging. only for charged b-hadrons. To improve the charge reconstruction, tracks which were found in the Vertex Detector, but not in the drift chamber are included in the charge calculation. Figure 12 shows how the charge purity is improved by using these tracks.
The analyzing power is improved from 0.58 to 0.64. 
Measurement of A c Using Exclusive Reconstruction
The most straightforward way to measure A c is by directly reconstructing the charmed mesons produced. In the SLD analysis, we reconstruct D decays in the following ex- 
Measurement of A s
The measurement of A s relies on the QCD "Leading Particle" effect, which predicts that very high momentum kaons will come preferentially from Z ! s s decays. The analysis uses identified K 's with p > 9 Gev, which are 92% pure, and K 0 s 's with p > 5 Gev, which are 91% pure. Events with either a K + K ; combination, or a K K 0 s combination are selected. In the Monte Carlo, 66 % of these events are Z 0 ! s s and they have an 82 % analyzing power. 
Global Electroweak Comparison
The consistency of the world's measurements of Electroweak parameters with the Standard Model can be checked in Figure 16 
Measurement of the B Fragmentation Function
x B Reconstruction
The SLD analysis performs an inclusive reconstruction of x B based solely on charged tracks. 10 The analysis begins the same as the inclusive B reconstruction algorithm de- Figure 18 , the composite system of measured tracks has total momentum (p ch ) transverse momentum (p T ) and longitudinal momentum (p L ) defined relative to the vertex direction. The algorithm then defines a "missing system" whose p T is equal and opposite to that of the measured system, and whose mass, m 0 , and longitudinal momentum p 0L are unknown. We can, however, place a 
Therefore, noting that p T is a Lorentz invariant, we can set a limit, Figure 20 shows the results of applying this x B reconstruction to the data and comparing to Monte Carlo, which was generated with the Jetset program. 11 Clearly, there is a discrepancy between the two.
Data/Monte Carlo Comparison
Unfolding and hx B i
Ideally, we would like to take out the effects of resolution in order to produce the parent distribution. This "unfolding" procedure is complicated, however, because it depends on the fragmentation model that is used. This model dependence can be reduced by using a procedure called, "Singular Value Decomposition with Regularization". 12 Figure   21 shows the unfolded spectrum that is obtained with this procedure.
We can also extract the average B energy, hx B i. The final result based on data taken between '97 and '98 is hx B i = 0 :709 0:003 stat 0:005 syst . . 
This uncertainty spoils any estimate of V td based on B d mixing.
B s mixing provides a way around this uncertainty. As can be seen in Figure 22 , the only major difference is that rather than having a factor of V td at the vertices, B s mixing has V ts . 
Ingredients
Since B s mixing is so fast, it is necessary to do time dependent measurements. To do so requires three ingredients. 
where L is the decay length resolution, p, and are the usual kinematic variables for the B s . From equation 23 it is clear that while purity and tagging are important, it is absolutely essential to have excellent proper time resolution. This is because for m s > 10ps ;1 , the significance will be exponentially damped unless t < 0:1ps. Since is typically 5 at the Z 0 pole the decay length resolution needs to be of order 100 m or better. SLD's excellent vertex resolution yields excellent t resolution, which makes SLD's measurements competitive at high m s , even with lower statistics than LEP.
The following sections will describe each of the three ingredients in turn.
Initial State Tag
The initial state tag takes advantage of the forward-backward asymmetry of b-mesons produced in Z 0 decay. This asymmetry is enhanced by the polarization of the SLC electron beam. Figure 23 shows the polar angle of b quarks (not b) produced with leftand right-handed electron beams. Using the polarization as an initial state tag is 100% efficient (since the polarization is known for every event), and provides the correct tag 72% of the time. In order to enhance the initial state tag, information from the b-decay on the "opposite side" is also used. This information includes the jet charge, the vertex charge, the charge of any kaons, the charge of any leptons and the "dipole", which is described in section 7.3.3. This combined tag has a 75 to 78% correct tag probability. Table 5 . Performance parameters of the three final state tags.
Final State Tags
The final state tag must identify the quark charge of the B 0 s (i.e. b or b) and provide a way to measure the time of the decay. A number of different techniques are used to provide this tag. The quality of each technique is parameterized by its B s purity (f Bs ), its boost resolution( p p ), its quark charge correct tag fraction(w final ), and its decay length resolution( L ), which is calculated from a double gaussian fit with a fixed "core" fraction of 60%. Table 5 lists these parameters for each tagging technique. The following sections describe each tag in more detail. 
Charge Dipole
The last final state tag is the fully inclusive "Charge Dipole" technique. As shown in 
Amplitude Fit Method
In order to extract a signal (or limit) for B 0 s mixing, the so-called "Amplitude Fit" method is used. 14 In this method the probability for mixing as a function of time is 
where ; is the decay width and A is the mixing amplitude, which is the free parameter in the fit. As we scan through all possible values of m s , we would expect A = 1 for the true value m s and A = 0 for m s away from the true value. One can think of this method as a "Fourier Transform" of the data. Figure 28 shows the results of this fit for a large Monte Carlo sample of Lepton + D events.
To set a 95 % confidence limit on m s we find those values of A for which A + 1 :65 a < 1. To determine the "Sensitivity", which is the expected limit if the experiment were repeated many times, we find those values of A for which 1:65 A < 1.
Perhaps the most important advantage of this method is that it allows the combination of several samples, such as from different final state tags, or from different experiments. Figure 29 shows the SLD amplitude fit results for the combination of all three final state tags. Based on this fit, SLD excludes at 95% confidence level the region m s < 7:6ps ;1 and the region 11:8 < m s < 14:8ps ;1 . In the top plot, the data was generated with m s = 10ps ;1 and a clear signal is observed there. In the middle plot, m s = 20ps ;1 was used and a somewhat less significant signal is observed. In the bottom plot, m s = 1000ps ;1 was used, which is beyond the sensitivity of the analysis and no signal is observed.
B s Mixing World Average
SLD's amplitude fits can also be combined with those of the rest of the world. Figure   30 shows this world average as of Summer 2000. SLD's data is especially important at high m s , due to the excellent t resolution. The sensitivity of the world average is 17:9ps ;1 and it is able to rule out the region m s < 14:9ps ;1 . 
Conclusion
The SLD physics programs has made large contributions in the areas of Electroweak, QCD and Heavy Flavor Physics at the Z 0 . Table 6 lists some highlights of this program.
In addition to these measurements, SLD also has many other interesting results for which there was not space in this paper. 
